ABSTRACT AmajorenvironmentalconcemaboutLakePontchartrainis an assumedlong-term increasein turbidity based on Secchi disk transparency observations. Regression of the available data on Secchi disk eansparency versus time(1953 through 199O)reveals astatistically significant decreasein transparencyofabout40%. However, the data set is biased in that it does not dequately represent the seasonal effects of salinity and wind speed. Two analytical procedures were undertaken to determine the extent to which the apparent long-term decrease in transpaency was dependent on the seasonal bias. One procedure involved seasonal adjustment of the data for the effects of salinity and wind speed. The other procedure was to remove the seasonal bias by constructing unbiased data sets.
INTRODUCTION
Lake Pontchmain is an embayment in a large estuarine SysteminsoutheastemLuisi~. Ithasameansalinity of 4 ppt, a mean depth of 3.7 m, and a surface area of 1630 kin2. Saline water enters from adjacent estuaries through tidal passes. Fresh water sources are streams, New Orleans area outfall canals, and the Mississippi River during opening and leakage of the BOMet Cam6 Spillway (Barb6 and Poirrier, 1991) .
Over one million people live on the southem shore of Lake Pontchartrain. With increasing urbanization of the New Orleans area over the last century, concems have arisen as to possible declines in water quality, fisheries, recmtionaluseand commercial valueof theestuary (Houck et a/., 1987) . Increased turbidity, for example, is regarded as an environmental problem in Lake Pontchartrain. Support forthat concernis provided by Stone er a/. (1980) who plotted four sets of selected Secchi disc transparency data from Lake Pontchamain and concluded that water clarity had decreased by almost 50% between 1953 and 1978. Although Stone's report (Stone et a/., 1980) is often cited as indicating a major environmental change in Lake Pontchartrain,itdidnot include all availabledataoraddress the seasonal effects of wind and salinity on uansparency values. Thompson and Fitzhugh (1985) found a relationship betweensaliityandlakeclarity withLakePontcharbain being clearer during periods of higher salinity and more Nbid during fresher periods. Swenson (1980) . found that winds blowing overLakePontcharuainare sufficient to stir and mix bottom sediments throughout the water column about 15% of the time. Thompson and Vmet (1980) reported that occasionalhighwindsduring frontalpassages, and at other times, are capable of resuspending bottom sediments,especiallyinthe winter. DowandTurner(l980) also stated that turhidconditionsmaybcausedby weather fronts and their wind systems.
Stonn-water runoff from the New Orleans area is currently discharged into Lake Pontchamain without any treabnent. Although the potential contribution of urban runoff to the pollution of estuaries has been recognized for some time, few studies have actually documented specific adverse effects (Odum and Hawley, 1987) . On an annual basis, pollution from urban runoff can contribute more suspended solids and plant nutrients than any other pollution source (Scheaffer et a[., 1982) . Urban runoff could 1 affect the Secchi disc transparency of Lake Pontchamain through the introduction of plant nutrients which increase phytoplankton growth and by the introductionof suspended solids (Mancini and Plwnmer, 1987: Odum and Hawley, 1987) .
It is currently assumed that the turbidity of Lake Pontchartrain has increased by almost 50% between 1953 and 19'78 (Stone et al., 1980) due to the activities of man.
Our study includes recent data, investigates the effects of salinity, windandseasonaldifferences on nansparency and tests long-term trends for statisticalsignificance. The study was designed to provide a better understanding of trends and how natural factors affect water clarity. Results of this study will provide realistic goals for the ueabnent of urhan runoff in plans to restore Lake Pontchamain.
MATERIALS AND METRODS

Description of the Database
The Secchi disc is widely used to estimate the depth of light penetration in aquatic habitats (Tyler, 1968) . All data used inthis study were obtainedwith a20 cm disc withblack and white quadrants. The raw data used in this study consisted of observations of Secchi disk transparency and salhityrecordedby severalinvestigatorsduringtheperiads shown in Table 1 1973,1975,1979 and 1983 . The greatest relative dispersion (coefficient of variation) wasrecordedin 1974and 1978 during the period The data set is biased in that it does not adequately represent the seasonal effects of salinity and wind speed, two variables that have significant effects on Secchi disk transparency. Figure 2 shows the annual seasonality in salinity. It is a graph of average monthly salinity versus months of the year. The highest saliities occur in the fall (September, October and November) and the lowest d i t i e s occur in thespring(Apri1,MayandJune). Monthlymeansarebased on 32 years of data from the S T O m database (U.S. Army
Corps of Engineers). That data base was used to test the validity of the apparent seasonality in salinity with analysis of variance. The ANOVA table for two-way analysis of variance without replication is presented in Table 3 . The varianceratio.21.18,exceedsthecriticalvalueforthe test, 1.8, indicating that highly significant differences exist among monthly mean saliities,producing ahighly significant annual seasonality in salinity.
Figure3 showsthemdseasonalityin windspeed. It is a graph of average monthly wind speed versus months of the year. The highest wind speeds occur in February and Marchand the lowest wind speedsoccur in July and August. Monthly means are based on 38 years of data from the National Weather Service. That data base was used to test the validity of the apparent seasonality in wind speed with analysis of variance. The ANOVA table for two-way analysis of variance without replication is presented in Table 4 . The variance ratio, 103.42, exceeds the critical value for the test, 1.8, indicating that highly significant Secchi transparency were calculated for each point: (1) Secchi disktransparencyusing the long-term average salinity, 3.9 ppt; (2) Secchi disk transparency using the salinity associated with the specific point. The difference between those two values was the adjustment factor for that point.
The adjustment factor was subtracted from Secchi disk transparency for that point. This operation adjusts the data to the long-term average saliity. between Secchi disk transparency and time is no longer significant at the 5% level; 0.05 < p < 0.10. This analysis determined that on an annual basis some Secchi transparency points were associated with unusually high or low wind speeds because of unequal representation of the seasonal effects of wind speed in the data set.
Multiple regression analysis was conducted with salinity and wind as independent variables and Secchi disk transparency asthedependentvariable. Individualpoints were usedintheanalysis. The resulting regressionequation was:
Both partial regression coefficients are statistically significant. Thelong-termaveragesalinity,3.9ppt,andthe long-term average wind speed, 8.13 mph, were used as the base for seasonally adjusting the data for both salinity and windspeed. Theadjustmentprocedure wasthesameasthat described above for salinity. It employed the multiple regression equation shown above. seasonal effects of salinity and wind speed in the biaseddata set.
Another analytical procedureundertaken withthe original data set was to remove the seasonal bias by conshucting unbiased data sets. There is not data in all 12 months of the year in most years represented in the data set. That is especially a problem in the earlier years. Only in the late 1980saredataconsistently available for all 12months ofthe year. The Secchi disk transparency data set was, of course, subject to a seasonal bias in those. years in which data were not available for all 12 months of the year. When the bias was removed by consmcting unbiased data sets, the longterm relationship between Secchi disk transparency and time wasno longer statistically significant. Threeexamples are provided Example 1. 
TABLE 6
SeCChi disk transparency for years in which data are 1953 when one considers that salinity is highest inOctober and November (contributing to high transparency values), and that wind speedislowest in August and September (also contributing tohightransparency values). Other ye arshave evenhigheraverage Secchidisk transparency values for the August through December period. Annual means in Table  5 were calculated by taking the average of monthly means rather than an average of all data points. Regression of annual Secchi disk transparency versus time produced the following equation:
The slope, -0.64 cm/year, isnot statistically significant, p > 0.5. On the basis of this analysis, it is concluded that there has been no change in Secchi transparency over the 38-year period from 1953 through 1990.
Example 2. Table6containsSecchidisktransparency values for those years in which continuous data was available from January through June. This period was selected because in 1954 Secchi disk transparency observations were available only from January through June. The seasonal bias in the original data set was removed by consmcting a data set consisting only of years in which Secchi disk transuarencv observations were recorded from available -January tbrough June. Table 6 were Calculated by taking the average of monthly means rather I n.:...
".
ing linear regression equation:
The slope, -0.49 cm/year, was not statistically significant, p > 0.4. On the basis of this analysis, it is concluded that there has been no change in Secchi disk transparency over the 37-year period from 1954 through 1990.
Example 3. Theoriginal Secchi disk transparency data set, obtained by combining data from the sources indicated in Table 1 , is incomplete. Data are missing for several months inmost years. 
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Secchi disk transparency versus time produced the following linear regression equation:
The slope, -0.42 cdyear, is not statistically significant, p > 0.5. On the basis of this analysis, it is concluded that there has been no change in Secchi transparency over the 38-year period from 1953 through 1990. In summary, the historic data set on Secchi disk transparency in Lake Pontchamain is biased in that it does not adequately represent the seasonal effects of salinity and wind speed. When the seasonal bias is removed from the data, it no longer supports the conclusion of a long-term decrease in Seccbi disk transparency.
DISCUSSION
RegressionoftheoriginaldataonSecchidisktransparencyversuslime(l953 through 1990)revealsastatistically significant decrease in transparency with time. The regression l i e suggests a decrease in !mnsparency of about 40%. However, the original data set is biased in that it does not adequately represent the seasonal effects of salinity and wind speed. The data set was subjected to two analytical procedures to determine the extent to which the apparent long-term decrease in Secchi disk transparency was dependent on the seasonal bias. One procedure involved seasonal adjustment of the data for the effects of salinity and wind speed. Theotherprocedurewastoremovetheseasonalbias by constructing unbiased data sets. Regression analysis revealed astatistically significant, positive relationshipbetween Secchi disk transparency and salinity, anda statistically significant, negative relationship between Secchi disk transparency and wind speed. Further analysis indicated that neither average annual salinity nor average annual wind speed had changed significantly from 1953 through 1990.
Secchidisktransparency data wereseasonally adjusted for the effects of salinity and wind speed. The base for adjustment in each case was the long-term average of the variable for which adjustment was being made. Regression Secchi disk transparency values for those years in which continuous data were available from January through June; (3) The derived data set contained all of the original data on Secchi disk transparency in addition to estimated values for those months in which data was not available. In each case, when the seasonal bias was removed from the original data, it no longer supported the conclusion of a statistically significant change in Secchi disk transparency from 1953 to 1990; p > 0.4. Results of this study do not support the long-term increase in turbidity of almost 50% reported by Stone (1980) . Althoughurbanrunoffishown toproduce shortterm increases in water turbidity near outfall canals (Stem and Stem, 1969) . data examined in this study do not indicate a long-term, lake-wide increase. 
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